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Abstract
Objectives: This study explores the status of primary education throughout the country in states and union territories 
(UTs). The main objectives of this study are to identify hotspots and cold-spots and delineate the cluster of primary 
education levels in India applying Getis-Ord Gi* statistics. Methods/analysis: The spatial clustering among the various 
Indian states was determined using Arc GIS cluster–outlier analysis. An area is considered statistically significant if its 
p-value is below 0.05. In order to define India’s spatial cluster of elementary EDI scores based on the hotspot and cold-
spot analysis and delineate Indian primary education clusters using Getis-Ord Gi* statistics with a fixed distance band of 
ArcGIS. Findings: The rate of increase of 6–10 year old (grade 1–5) enrolment in primary education rose from 42.6% in 
1950–1951 to 100.8% in 2014–2015. The resulting education development index (EDI) of primary education shows a 
clustering of hot and cold-spots. The spatial outliers are also identified. This EDI demonstrates a geographic trend in the 
growth of primary education over 10 years as high or low primary education clusters and helps measure the government’s 
efforts. Improvements: Further this study could be enhanced to district level primary education in India. This also shows 
how GIS analysis works for these many more unit’s overtime. It may be an interesting analysis, where indeed the GIS and 
visual approach could add to our knowledge.

1. Introduction
According to estimates by the Unique Identification 
Authority of India, the population of India according to 
2018 statistics is 1.34 billion.1 This comprises 17.74% of 
the overall world population. Education level is of utmost 
importance for the entire progression of human beings.2 
According to the Indian ministry of human resource 
development, at the department of school education 
and literacy, to consider a 7-year-old child as literate, 
he/she should be able to read, write, and understand a 
language. As for adults (individuals aged 15 to 24 years 
old), a literate person should be able to read, write, and 
understand commonly used statements in a language. 
Based on this classification, the latest ministry’s statistical 
reports show an improvement in the percentage of literate 
adult females between 2001 and 2011 (from 47.8% to 
59.3%); however these numbers are still at low levels, 

because they indicated that 40.7% of future mothers were 
unable to read (Table 1). Furthermore, the percentage of 
illiterate females was the highest among the Scheduled 
Castes (SC)—the group of Indians living in hard 
conditions outside villages (59.8%). Table 2 shows that 
children’s education has also improved between 2001 and 
2011, although a great deal of work is still required to fight 
against illiteracy and therefore against poverty.3

Based on the UNESCO Institute for Statistics, the 
worldwide rate of literacy is 86.3% as per 2015, while the 
literacy rate in India was 72.1% with an 18.1% difference 
between males and females, which shows that India 
still has a long journey towards education improvement 
in general and filling the gap between male and female 
education in particular.4 The primary education level is a 
critical education stage of a student’s life. 

Taking into consideration the mental, physical and 
emotional changes that occur to students within this age 
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group (6 to 14 years old), this school stage is a critical 
time during which students should develop a sense of 
belonging, sense of responsibility, and self-confidence in 
their own abilities. At this stage, classroom activities—
hand-in-hand with the social environment in school—
affect students’ development and their desire to change 
their situations to achieve a better life.5

Recently, the variation in the elementary education 
curriculum and school facilities has become an important 
aspect of elementary education outcomes. Therefore, 
authorities have planned for the Universalization of 
Elementary Education (UEE). UEE includes three 
important areas: first, the provision of universalization, 
which means that all children aged between 6 and 14 
years old have access to a school; second, enrollment 
universalization, to ensure that all children of the above-
indicated age group are enrolled in school; finally, 
retention universalization, which ensures that students 
who joined elementary school continue until they 
graduate from upper elementary level.6,7

In order to evaluate the primary and upper elementary 
education throughout India, the government (MHRD) in 
coordination with the National University of Educational 
Planning and Administration (NUEPA) has developed 
a computerized Educational Development Index 
(EDI) that helps in assessing four main areas: school 
access, facilities’ infrastructure, teachers, and education 
outcomes. The areas of concentration were carefully 
chosen based on experiences of countries with successful 
education systems and based on the economic conditions 

in the country. In India, the GDP per capita is $1709 per 
year, compared to $57,600 per year in the USA.8 This 
number indicates poverty, and therefore, if a school is not 
easily accessible, parents cannot support long-distance 
transportation. Children spend most of their waking time 
in school, which makes school infrastructure—such as 
the availability of washrooms and drinking water of major 
importance.9 Teachers and teacher-classroom interaction 
are the main factors in the educational journey, not only in 
curriculum delivery but also in the social and behavioral 
skills of students.10 A study conducted in the USA showed 
that a high percentage of variance in Social, Emotional, 
and Behavioral (SEB) scores of fourth and fifth-grade 
students were teacher-specific and/or influenced by 
classroom characteristics.11

The EDI consists of 23 indicators, categorized into 
positive indicators, such as the gross enrolment ratio, and 
negative indicators, such as the percentage of habitations 
not served (Table 3). The highest value will be considered 
as the best value and the lowest as the worst value in the 
case of a positive indicator. Similarly, if the measure is 
negative in nature, the lowest value will be the best value 
and the highest will represent the worst value.

1.1. Applications of Getis-Ord Gi* Statistic
In this research study, two types of geostatistical methods 
are used: one is about finding similarity patterns and 
the other method deals with determining anomalous 
values along with similarity patterns. Hotspot analysis 
by (Getis-Ord Gi*) is used to find the similarity pattern 
and, cluster and outlier (Anselin Local Moran’s I) analysis 
are used to determine anomalous values, respectively. 
For the hot spot analysis, z-scores and p-values for each 
polygon are calculated based on the Getis-Ord Gi* 
statistic12 and statistically significant hotspot and cold-
spots are identified. The Getis-Ord Gi* method is used 
to determine the trend (clustering) in the attributes of 
spatial data (points or polygons) in a particular location. 
In this method, a statistic is computed for each point or 
polygon in the study area and the pattern of local spatial 
autocorrelation over the study area is derived. We can 
determine the extent to which each polygon is having 
polygons with high or low values in the neighbourhood in 
a specific geographical area. This is an applied geographic 
approach that has been extensively used to identify the 
clustering of various relevant issues of research interest 
like species populations,13 disease,14 crime incidence,15 
medical care availability,16 and food retailers,17 the 
choice of transportation mode, land cover change, 
terrain analysis, climate studies etc., based on their 

Table 1. Percentage of literate Indian children of 7 
years old and above

2001 2011
All SC ST All SC ST

Total 64.8 54.7 47.1 73.0 66.1 59.0
Male 75.3 67.0 59.0 80.9 75.2 68.5
Female 53.7 42.0 35.0 64.6 56.5 49.4

ST—scheduled tribes & SC—scheduled castes, source: http://mhrd.gov.in.

Table 2. Percentage of literate Indian adults between 15 
and 24 years old

2001 2011
All SC ST All SC ST

Total 61.0 44.1 40.8 69.3 60.4 51.9
Male 73.4 59.3 54.8 78.8 71.6 63.7
Female 47.8 28.5 26.7 59.3 48.6 40.2

ST—scheduled tribes & SC—scheduled castes, http://mhrd.gov.in.
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spatial closeness which is measured by the proximity of 
polygons.18

Recently this method was used to assess the possibility 
of lead pollution in post-industrial landscapes in Oakland, 
California.19 From Getis-Ord Gi* analysis it was found 
that the lead pollution in this region can be correlated to 
the land use on both macro and micro scales. The Moran’s 
I and Getis-Ord Gi* statistics used to analyze the heavy 
metal clusters in this method emphasized the significance 
of accuracy of spatial location in hotspot analysis.20 
However, only a few studies related to school education 
development have applied hot spot analysis.

The analysis of hotspots by (Getis-Ord Gi*) and the 
cluster and outlier analysis (Anselin’s localMoran’s I) 
were chosen to analyze primary education development 
India, according to the relevant literature. These 

methods of Geostatistics can be applied in concurrence, 
although in their outlook they are basically different, 
as set out in previous research.21,22 The analysis of 
the hotspot is aimed at identifying groupings within 
a region. Such groupings can represent either high 
or low values of a given parameter, corresponding 
respectively to hotspots and cold spots. A hotspot 
analysis (Getis-Ord Gi*) was performed to classify 
these spots, which can be implemented via ArcGIS.23 
By contrast, the cluster and outlier analysis identify 
groupings or unusual values based on the proximity 
criterion. This analysis identifies five geographic class 
types. On one hand, this approach recognizes spots 
that match their surroundings with either high or low 
values. On the other hand, the analysis also finds areas 
where the parameter under study is much higher or 

Table 3. The 23 indicators of the Indian educational development index (EDI)

Component Indicator +/− indicator

Access

Percentage of habitations not served (corrected with reference to new schools  
(government) opened since 2002–2003) Negative

Availability of schools per 1000 child population Positive
Ratio of primary to upper primary schools/sections Negative

Infrastructure

Average student-classroom ratio Negative
Schools with student classroom ratio ≥ 60 Negative
School with drinking water FACILITY Positive
School with common toilet Positive
Schools with girl’s toilet Positive

Teachers

Percentage of female teachers Positive
Pupil-teacher ratio Negative
School with pupil-teacher ratio ≥ 60 Negative
Single-teacher schools (in schools with more than 15 students) Negative
Percentage of schools with ≤ 3 teachers Negative
Teachers without professional qualification Negative

Outcomes

Gross enrolment ratio—overall Positive
Participation of scheduled castes children: percentage SC population  
(2001 census)—percentage SC enrolment Positive

Participation of scheduled tribes children: percentage ST population  
(2001 Census)—percentage ST enrolment Positive

Gender parity index in enrolment Positive
Repetition rate Negative
Drop-out rate Negative
Ratio of exit class over class I enrolment (only at primary stage) Positive
Percentage of passed children to total enrolment Positive
Percentage of appeared children passing with 60 per cent and more marks Positive

Source: Department of Educational Management Information System, NUEPA and GOI, New Delhi, 2009
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lower i.e., a spot with a very different value compared 
to its surroundings. There are also cases where there is 
no possibility of making associations.

The Gi* statistic output thematic maps are showing the 
spatial cluster area in the study area. Positive Gi* values 
indicate high-value spatial dependency. Gi* negative values 
suggest low-value spatial dependence. The statistically 
significant clustering is derived using the level of confidence 
and z-scores obtained. This determines whether an area is a 
hotspot, cold-spot or outlier (with higher value surrounded 
by lower value and vice versa). This research would be 
helpful for policymakers, practitioners and researchers and 
could contribute to the body of knowledge related to the 
understanding of geographic patterns and spatial statistics 
of primary education in India.

2. Materials and Methods
Education Development Index (EDI) scores of primary 
education were obtained during a period of 10 years 
between 2005 and 201524 DISE Flash Statistics by 
the National University of Educational Planning and 
Administration (NUEPA) and the Government of India, 
Department of School Education and Literacy (Table 4). 
When 2014 data was collected, normalized scores were 
obtained from 36 states including union territories (UTs) 
all over the country in the academic year 2014–2015, and 
the state of Telangana (29th state) was also included in the 
study (Figure 1). Data regarding India’s population were 
obtained from the government of India database, states’ 
areas were calculated using Arc GIS software, and the 
population density of each state was calculated by dividing 
the total amount of population by the area per km2. To 
calculate the different states’ areas, the data coordinates 
were converted from the GCS coordinate system to the 
UTM coordinate system. The conversion can be done in 
Arc GIS by accessing data management in Arc Toolbox 
and choosing “projection and transformation” and then 
“project”; the file is selected in the input, and the UTM 
coordinate system is chosen with the appropriate zone 
of India. The purpose of population density calculation 
is to associate the level of primary education and the 
population affected per state.1

3. Cluster–Outlier Analysis
The spatial clustering among the various Indian states was 
determined using Arc GIS cluster-outlier analysis. An area 
is considered statistically significant if its p-value is below 

0.05. The analysis result shows the clusters of high values 
(HH) and clusters of low values (LL). In addition, HL 
outliers, which are high values surrounded by lower ones, 
and LH outliers, which are low values surrounded by higher 
ones, are also shown in this analysis. Z scores and p values 
were also analyzed. High positive z scores indicate a cluster 
(high or low values) and low negative z scores (critical 
value as ±1.96 or 2.58) indicate a statistically significant 
(0.05 level or 0.10 level) spatial outlier consistence.25

4. Hotspot Analysis
To define India’s spatial cluster of elementary EDI 
ratings, hotspot and cold-spot analysis are conducted to 
delineate India’s spatial primary education clusters based 
on Getis-Ord Gi* statistics using ArcGIS software’s fixed 
distance band.26,27 Figure 2 shows that positive z scores 
with high values exhibit significant clustering of high 
EDI values (hotspot areas), while negative z scores with 
low values show significant clustering with low EDI 
values (cold-spot areas). Z scores near zero indicate no 
significant spatial clustering. This test works by looking 
at each feature within the context of its neighboring 
features.28,29

The Getis-Ord local statistic is given as
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The Gi* statistic is a z-score, and so no further 
calculations are required.

5. Results and Discussion
The top five EDI scores and the lowest five EDI scores are 
identified for the academic years 2005–2006 and 2014–2015 
to get an overall idea of the variation of primary education 
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Table 4. EDI normalized value of primary education level in India from 2005–2006 to 2014–2015 (Flash statistics, 
NUEPA)

ID State/UT 2005–
2006

2006–
2007

2007–
2008

2008–
2009

2009–
2010

2010–
2011

2011–
2012

2012–
2013

2013–
2014

2014–
2015

1 A & N Islands 0.511 0.67 0.652 0.664 0.663 0.616 0.518 0.539 0.659 0.637
2 Andhra Pradesh 0.604 0.639 0.698 0.657 0.561 0.714 0.558 0.553 0.564 0.551
3 Arunachal Pradesh 0.417 0.432 0.422 0.512 0.328 0.573 0.449 0.55 0.46 0.499
4 Assam 0.454 0.433 0.461 0.446 0.386 0.504 0.46 0.515 0.49 0.473
5 Bihar 0.335 0.309 0.389 0.48 0.375 0.523 0.477 0.529 0.444 0.445
6 Chandigarh 0.642 0.709 0.73 0.688 0.655 0.76 0.547 0.526 0.621 0.614
7 Chhattisgarh 0.557 0.517 0.573 0.554 0.439 0.618 0.517 0.587 0.575 0.551
8 D & N Haveli 0.492 0.502 0.588 0.594 0.493 0.629 0.588 0.583 0.565 0.579
9 Daman & Diu 0.536 0.601 0.712 0.654 0.612 0.744 0.612 0.578 0.608 0.614
10 Delhi 0.688 0.767 0.767 0.701 0.651 0.757 0.626 0.599 0.673 0.706
11 Goa 0.529 0.636 0.677 0.658 0.602 0.717 0.527 0.482 0.586 0.609
12 Gujarat 0.595 0.655 0.718 0.698 0.584 0.72 0.568 0.527 0.678 0.65
13 Haryana 0.521 0.591 0.73 0.714 0.59 0.714 0.517 0.516 0.616 0.596
14 Himachal Pradesh 0.63 0.675 0.642 0.611 0.567 0.698 0.593 0.576 0.719 0.697
15 Jammu & Kashmir 0.556 0.599 0.648 0.586 0.404 0.649 0.55 0.576 0.531 0.499
16 Jharkhand 0.428 0.36 0.456 0.449 0.363 0.538 0.447 0.437 0.502 0.476
17 Karnataka 0.627 0.653 0.699 0.693 0.569 0.719 0.636 0.615 0.705 0.671
18 Kerala 0.66 0.756 0.741 0.689 0.7 0.736 0.616 0.555 0.68 0.635
19 Lakshadweep 0.635 0.672 0.756 0.773 0.704 0.803 0.661 0.653 0.726 0.661
20 Madhya Pradesh 0.514 0.478 0.572 0.571 0.433 0.593 0.524 0.553 0.559 0.527
21 Maharashtra 0.593 0.644 0.685 0.66 0.576 0.704 0.587 0.583 0.634 0.628
22 Manipur 0.52 0.547 0.537 0.464 0.411 0.556 0.498 0.599 0.592 0.551
23 Meghalaya 0.512 0.512 0.527 0.498 0.365 0.601 0.51 0.576 0.468 0.473
24 Mizoram 0.623 0.663 0.679 0.686 0.544 0.694 0.513 0.576 0.527 0.559
25 Nagaland 0.51 0.59 0.63 0.633 0.549 0.659 0.479 0.551 0.558 0.505
26 Odisha 0.522 0.529 0.554 0.553 0.468 0.606 0.554 0.559 0.583 0.58
27 Puducherry 0.651 0.761 0.799 0.797 0.736 0.837 0.624 0.645 0.743 0.701
28 Punjab 0.568 0.649 0.712 0.714 0.656 0.778 0.557 0.586 0.674 0.653
29 Rajasthan 0.54 0.532 0.593 0.587 0.458 0.605 0.497 0.51 0.587 0.561
30 Sikkim 0.611 0.686 0.639 0.657 0.608 0.764 0.567 0.633 0.701 0.649
31 Tamil Nadu 0.672 0.724 0.752 0.747 0.677 0.808 0.68 0.662 0.712 0.698
32 Telangana No No No No No No No No No 0.539
33 Tripura 0.511 0.542 0.572 0.501 0.415 0.597 0.484 0.514 0.524 0.542
34 Uttar Pradesh 0.482 0.538 0.568 0.654 0.534 0.672 0.527 0.551 0.554 0.537
35 Uttarakhand 0.575 0.615 0.643 0.643 0.538 0.675 0.573 0.577 0.664 0.639
36 West Bengal 0.454 0.5 0.536 0.528 0.467 0.619 0.536 0.563 0.55 0.542



GIS Based Hotspot and Cold-spot Analysis for Primary Education in India

Indian Journal of Science and TechnologyVol 12 (45) | December 2019 | www.indjst.org 6

level over the 10 years (Table 5). Overall, the mean EDI 
score improved between 2005 and 2015 from 0.535 to 0.584. 
Figures 3 and 4 show a high concentration of high EDI 
scores (blue) in the south part of India, while low EDI scores 
are concentrated in the Eastern part. Bihar maintained the 
lowest score throughout the 10 years and Delhi maintained 
the highest score; some states showed positive or negative 
variation in their scores, showing that the EDI scores of all 
states have improved during the 10 years.

On the other hand, Figure 5 shows that Delhi has the 
highest population density; Bihar and West Bengal also 
have high population density, while the Eastern states 
with low EDI scores have moderate to low population 
density. 

It is worth noting that the higher population density 
of Delhi compared to Bihar does not reflect that more 
students are benefitting from good-quality primary 
education, as Delhi is a very small state compared to 
Bihar. Delhi’s overall population (18,343,784) is 15.3% 
of Bihar’s population (119,461,014), which indicates 
the severity of the problem in large states with a low 
educational level.

5.1. Cluster–Outlier Analysis
In the local cluster analysis, aggregates of states with 
lower or higher values are easily detected. Significant 
small clusters of the index of educational development 
were spread throughout the state (high–high); however, 

Figure 1. Study area Indian states including union territories (Source: https://www.arcgis.com/home/item.html?id=cba8bdd
fa0ab43ddb35a7313376f9438).
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Figure 2. Hotspot analysis interpretation graph.

Table 5. The top five EDI scores and the lowest five EDI scores in the 10-year interval (2005–2006 data and 2014–2015 
data)

EDI scores of 2005–2006 data for primary schools
Top five states’ scores Lowest five states’ scores

State EDI score State EDI score
1. Delhi 0.668 1. West Bengal 0.454
2. Tamil Nadu 0.672 2. Assam 0.454
3. Kerala 0.666 3. Jharkhand 0.428
4. Puducherry 0.651 4. Arunachal Pradesh 0.417
5. Chandigarh 0.642 5. Bihar 0.335

EDI scores of 2014–2015 data for primary schools
Top five states’ scores Lowest five states’ scores

State EDI score State EDI score
1. Delhi 0.706 1. Arunachal Pradesh 0.499
2. Puducherry 0.701 2. Jharkhand 0.476
3. Tamil Nadu 0.698 3. Meghalaya 0.473
4. Himachal Pradesh 0.697 4. Assam 0.473
5. Karnataka 0.671 5. Bihar 0.445
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results also showed no significant spatial autocorrelation 
or low-value (low–low) clustering pattern in India during 
the study period, as shown in Figure 6a–j. There are other 
clusters found, all of which are correlated with p-values 
higher than 0.05, which are not shown in the expected 
results for 2013 shown in Table 6. In this current study, 

the presence of only extreme p values (less than 0.01) 
clearly shows the identification of statistically significant 
clusters.

The presence of a significant aggregation of states with 
low EDI scores or high EDI scores can be easily detected 
using cluster-outlier analysis. Overall, the Eastern part of 

Figure 3. Educational development index (EDI): 2005–2006.
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Figure 4. Educational development index (EDI): 2014–2015.

India (Bihar, Jharkhand, West Bengal, Assam, Meghalaya, 
and Arunachal Pradesh) showed a low-low cluster and 
maintained it throughout the 10 years, which indicates 
significantly lower primary education level EDI scores 
when compared to the rest of India. On the other hand, 
Figure 6 shows a high-high cluster toward the south area 
(Kerala and Tamil Nadu). These clusters demonstrate 
that government support is not uniformly distributed 
throughout the country and that some highly populated 
areas such as Bihar and West Bengal (Figure 6) are 
suffering from poverty and low elementary education 
levels.

It is interesting to see that Mizoram, in the east, was 
marked as a significant HL outlier in 2008–2009, which 
indicates an improvement in its scores compared to 
the neighboring states, but this improvement did not 
continue. Kerala was not a part of the HH cluster every 
year, and in the last data collection, its scores were not 
significantly higher than the neighboring states, showing 
that the southern EDI scores are generally higher. Finally, 
Jammu and Kashmir were indicated as LH outliers in 
the last data collection (2014–2015), which indicates a 
drop in their level of primary education compared to the 
neighboring states.
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Figure 5. Population density in different states in India: 2018.

5.2. Hotspot Analysis
Figure 7a–j shows maps based on the Z-scores (standard 
deviation values); high positive z-scores indicate 
significant hotspots (red), while negative low z-scores 
indicate significant cold-spots (blue). Areas that have 
z-scores close to zero have p-values > 0.05 and therefore 
are not significant. The results of the analysis showed 
strong spatial trends of high-educational growth in South 
India, namely Tamil Nadu, Kerala, Karnataka, and Andhra 
Pradesh, which throughout the 10 years of the study 
showed small to very large hotspots (red and orange). 
Most of the cold-spots, however, are located in India’s 

northeast region. There were also some cold-spots in the 
northern part of India. These observations indicate the 
maintenance of an acceptable overall primary education 
level in north India. On the other hand, cold-spots cover 
large highly populated areas of India, including all of the 
eastern parts except Sikkim. If we calculate the population 
of the areas that are continuously cold-spots during the 10 
years of the study (Figure 8), we find it to be 342,214,000, 
which is 27% of the Indian population. Hotspot analysis 
shows that children aged 6–10 make up 11.32% of the 
population living in this region.
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(j)

Figure 6. Showing the high and low clusters among the states of India for the academic years 2005–06 to 2014–15.
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(f)
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(h)
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(i)
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(j)
Figure 7. Showing the hotspots and cold-spots of EDI of primary education over different years in India.
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Figure 8. Northeast India shown as a cold-spot during the 10 years of the analysis.

6. Conclusions
The tools used in this analysis are very valuable, and 
they helped us to determine the effect of various factors 
on primary education in India. EDI scores take into 
consideration all the conditions that affect the quality 
of education, and the model gives us a final score, upon 
which we have based our comparisons. Our results show 

the states in risk and also the patterns of variation in 
primary education level over the years. 

States permanently in cold-spots require urgent 
governmental attention. The fluctuations in some states 
require further analysis and for these patterns to be 
linked to the political and socio-economic conditions 
during the years of the study. The spatial statistics 
obtained can represent the first step in building a 
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Table 6. High and low clustering for different years 
using Getis–Ord Gi* statistics

Year Variance Z score p value Pattern
2006 0.013036 3.890794 <0.01 Clustered
2007 0.013045 4.185132 <0.01 Clustered
2008 0.013196 4.868507 <0.01 Clustered
2009 0.013342 4.007505 <0.01 Clustered
2010 0.013457 3.486633 <0.01 Clustered
2011 0.013354 4.099202 <0.01 Clustered
2012 0.013245 4.642137 <0.01 Clustered
2013 0.012818 0.877829 >0.01 Not clustered
2014 0.013399 3.400354 <0.01 Clustered
2015 0.012879 3.409448 <0.01 Clustered

strategic plan to develop primary education in India as 
part of a bigger plan to improve the whole education 
system and consequently to improve the economic 
conditions in the country.
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